Linpaeatp s b

SECURITY INFORMAIL IKIN |

NACA BRM ER2H20

RESEARCH MEMORANDUM

PERFORMANCE CHARACTERISTICS AT MACH NUMBERS TO 2.00 OF
VARIOQUS TYPES OF SIDE INLETS MOUNTED ON FUSELAGE
OF PROPOSED SUPERSONIC AIRPLANE
III - NORMAL-WEDGE INLET WITH SEMICIRCULAR COWL
By Fred T. Esenwein

Lewis Flight Propulsion Liaboratory
CLASSIFICATION CHAMN€YElsnd, Ohio

UNCLASSIFIED

v} suthority of _Y 2 //f'_ .___®zate

R T S

JACH Reedbe Eflicless

----------------

P §-ar =7

‘This mraterisl contailns

%m- .ok the the meaning
of tha esplopage jewe" ‘tr.'a.c Sou. 'm ud 78K, mm&u hwnu‘g of ghich in any

mannar tQ unlutboﬂzgd peracu is is _prohiﬁud

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON {1 A C A LIBKARY
October 16 1952 " EGLEY AERDNAUTICAL Lamtis 10wy

CONFIDENTIAL




1K

'8

2528

S ‘.INIE'H'I lﬂil\ H]
NACA RM E52H20 _ |

NATTONATL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

PERFORMANCE CHARACTERISTICS AT MACH NUMBERS TO 2.00 OF VARTIOUS TYPES OF
SIDE INLETS MOUNIED ON FUSELAGE OF PROPOSEb SUPERSONIC ATRPLANE
III - NORMAL-WEDGE INLET WITH SEMICIRCULAR COWL

By Fred T. Esenwein

SUMMARY

As part of a general investigation of side inlets for supersonic
speeds, inlets utilizing two-dimensional.compression wedges mounted nor-
mal to the fuselsge surface were investigated with ram-type scoops for
partial removel of the boundary lasyer. Two compression-wedge angles were
included to simulate fixed positions of a varisble-geometry configurstion.
The research was conducted in the NACA Iewis 8- by 6-foot supersonic tun-
nel st Mach numbers of 0, 0.63, and 1.50 to 2.00 for a range of angles of
attack from -6° to 12° using a quarter-scale model of the forward part of
the fuselage of a proposed supersonic airplane. The Beynolds numbers of

the investigetion were spproximstely lelO and 29x106 based on the length

of fuselage shead of the inlets for Mach numbers of O. 63 and 1.50 to 2.00,
respectively.

Results of the investigstion indicated pressure recoveries of spprox-
imgtely 0.92 and 0.84 for the design angle of attack st Mach numbers of
1.50 and 2.00, respectively. For comparsble boundery-layer control, these
performance characteristlecs represented g substantisl increase when com-t
pared with ramp end half-conical, spike-type side inlets of the present
series of investigations. At angles of attack, however, sensitivity to
crosg-flow effects due to the particular circumferentisl location of the
inlets resulted in severe decreases in pressure recovery, especlally at
the higher free-gtream Mach numbers.

At a.Mech number of 0.63 inlet-pressure recoveriles of the order of
0.96 were obtained for mess-flow ratios of spproximstely 1.0 with negli-
gible angle-of-attack effects indicated st the maximum sngle of 6°. »For v~
take~off operation, however, large losses in performence with increasing
inlet flow resulted in very low pressure recoveries; and to avold exces-'
slve losses in engine performance, some type of aux1liary inlet would
probably be required.
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INTRODUCTION

The large losses 1n inlet total-pressure recovery, which were assoc-
iated with incomplete removal of the boundary layer ahesd of the half- -
conical spike inlets of references 1 and 2, were also observed for the
ramp-type inlets of reference 3. For both types of inlets pressure
recoveries of the order of those attainsble with well designed nose
iniets could be realized only with complete removal of the boundary
layer. The design aof boundary-layer-removeal systems to provide adequate
control far.the wide range of possible inlet locetions, fuselage shapes,
and conditions of operstion may well be impractical and side inlets less
sensitive to boundsry-lsyer effects would be desirable.

L
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Techniques studled for improving the performance of side inlets with
incomplete boundsry-layer removal included eliminstion of large turning
of the low-energy air entering the diffuser and utilizstion of the pres-
sure gradient produced with supersonic campression to force the boundary
layer arourd the-inlet. In addition to these possible methods for mini-
mizing boundary-layer effects, the desire to obtain the supersonic com- '
pression along surfaces relatively free of boundary layer led to the
design of inlets employing two-dimensionsal compression wedges mounted oot
normal to the fuselage surface. . .

Results obtalned from the experimental investigation of several
normal wedge-type inlets mounted on the triangular-shaped fuselage of S
reference 3 are presented herein. The investigation wes conducted in ' T
the NACA Lewls 8- by 6-foot supersonic tunnel for a range of mass flows
and angles of attack fram -6° to 12° at free-stream.Mach numbers of Q,
0.83, and 1.50 to 2.00.

SYMBOLS .
The following symbols are used in this report:
A ares,

model-drag coefficient besed on meximm fuselage cross-sectional
ares of 1.784 sq ft. (Model drag is defined as the measured .
balance force minus the Internsl thrust and the base force .
where the internal thrust is change in total momentum from
free stream to diffuser discharge of air passing through

inlets.)
h height of boundary-layer scoop o _ e
M . Mach nunmber
m mass flow .
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P total pressure (corrected for losses across shock where necessary)

P! pltot pressure

P static pressure

v veloclty

ha height normal to surface in plane of survey

@ fuselage angle of attack

g local angle of flow measured with respect to inlet center line

sl boundary-laeyer thicknggs defined to extend to 0.99 of the undis-
turbed velocity adjacent to the boundary layer

p density

Subscripts:

B boundary-layer bleed duct

c canopy

i injet station corresponding to minimum flow area

max maximm

ﬁ projected frontal area '

9] free stream

1 inlet rake survey, x = 5.94 in.

2 diffuser-discharge reke survey, model station 97.25

Pertinent mass-flow retios:

m :

—2 = ——EE—— ratio of masss flow passing through inlet to mass flow

To pOVbAp passing through free-stream tube of cross-sectional
area equsl to projected inlet frontal area of 0.0884 sg
ft. (Similar mass-flow ratios determined for boundary-
layer bleed scoops are based oun projected frontal area

of bleed scoops of 0.0246 sq ft.)



™

S NACA RM E52H20

ratio of mass f£low passing through inlet to mass flow
cAp (at local canopy conditions) passing through stream tube
of cross-sectional area equal to projected inlet frontal
area of 0.0884 sq £t. (Similar maess-flow ratios deter-
mined for boundary-layer bleed scoops are based on pro-
Jected frontal area of bleed scoops of 0.0246 sq ft.)

Eln?

= A ratio of mass flow passing through inlet to mass flow pass-

i Po OAi ing through free-gtream tube of cross-sectional area
equal to inlet minimum flow area of 0.0784 sq £t for
80-wedge inlet

5]

m, .
2 ratio of mass flow passing through inlet to mass flow
yIax measured at critical inlet flow

APPARATUS AND PROCEDURE

The guarter-scale model of the fuselage of the supersonic airplane
reported in reference 3 was used for this investigation. A sketch of the
model showing typicel body cross sections and principal dimensions is
presented in figure 1. A cross-sectional view of one of the main air
ducts and the corresponding boundery- layer bleed duct 1s presented in
figure 2(a). Ram-type boundary-lasyer scoops (h = 0.44 in.) were employed
with internal ducts designed primarily to handle engine cooling-air flow.
A more complete discussion of the model characteristics is included in
reference 3, .

Detalls of the normel-wedge inlets are shown in figure Z(b) The
14°- and 8°-half-angle compression wedges were selected to simulate fixed
positions of a possible variable-geometry design for free-stream Mach
numbers of 2.00 and 1.50, respectively. The 1nternal inlet contours were
designed to be parallel to the surfaces of the 14°-half- -engle wedge as
far back as the maximum cross section of the wedge and Yelatively sharp
inlet leading edges were used to avoid internal contraction. As discussed
in reference 3, the inlets were canted downward at 2° with respect to the
fuselage to provide gpproximate allnement with the local flow near the
cruise angle of attack (o = 39). '

The geometrical area variation of the main ducts from the plane of
the inlet to the station corresponding to the engine face is presented
in figure 3 for both the 14°- and 8%-wedge inlets. Typical duct cross
sections are inciluded for the. léo-wedge configuratlon showing the gradual
transition from the divided semicircular sectlon ‘at the 1hlet to the cilr- -
cular cross section at the duct discharge.

8252
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Details of the several boundary-lsyer-removal systems included in
the investigation can be seen in the photographs of figure 4. Ram-type
scoops with sides (fig. 4(a)), sides removed (fig. 4(b)), and with the
plates between the bleed and main ducts (herein referred to as "splitter
plates") swept (fig. 4(c)) were investigated with the 14°-wedge design.
Additional tests were conducted with the boundary-layer scoop faired
ahead of the inlets to 8ermit opersetion with no boundary-layer removel
(fig. 4(d)). For the 8°-wedge design only the ram scoops with sides
and with the swept splitter plates were investigated. '

The mass flows through the inlets and the boundary-lsyer scoops
were varied by means of remotely controlled plugs attached to the model
sting. Model forces, which did not include the forces on the plugs,
were meagured with a three-component strain gage balance located inside
the model. '

Total pressure measurements were made st the inlet station (figs.
2(a) end 4(a)) of one inlet by means of 20 tubes and at the station
corresponding to the face of the engine for each main duct with 33 pitot
tubes. Additional total head rakes were used to determine the flow char-
acteristice gt the exit of each boundary-layer bleed duct. Average total
Pressures were obtained from an area weighting and were used to calculate
the mass flows through the inlets and boundary-layer scoops based on the
areas st the choked exits. Diffuser-discharge Mach numbers were evalusted
uging one-dimensional ares retios between the sonlc discharge and the
rake station. Model base pressures were measured by means of 13 static
orifices, and the base force was calculated using an asrithmetic average
of these pressures, which were found to remsin essentially constant
across the base of the model for all conditions of operation.

The investigstion at s Mach pumber of 0.83 was conducted by operating
the tunnel subsonically. For teke-off (zero forward speeds), a range of
inlet air flows was obtalned by attaching the model discharge ducts to the
tunnel exhauster equipment ssg discussed in reference 3.

The Reynolds numbers of the investigation were approximately 18><lO6
and ZSXl06 based on the length of fuselage shead of the inlets for Mech

numbers of 0.63 and 1.50 to 2.00, respectively.
RESULTS AND DISCUSSION
Supersonic Performance Chgracteristics
Cruise angle of attack (o = 3°). - Pitot and total pressure ratio

contours obtained from a survey of the flow upstream of the inlets are
shown in figure 5 for Mach nunbers of 1.50 and 2.00. The total-pressure
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ratio Po/Pp was calculated assuming the static pressure at the base of

the rake to be constant in the plasne of survey. Indicated total-pressure
ratios slightly greater than 1.0 {(fig. 5(b)) are probably associasted with
insccuracies in the assumed static pressure outside the boundary layer.

Within the accuracy of these data, the results of the survey indicate oy
essentlally free-stream total pressutre aheéad of the inlets except 1n the a
region influenced by the fuselage boundary layer. @

r

The boundary layer thickness 6, which is represented by the dashed T

nearly uniform across the face of the inlet for both ‘Mach numbers. Similar
trends and spproximately the same boundary-layer thickness were noted for
Mach numbers of 1.70 and 1.90. For the boundary-layer-scoop height of

Q.44 inch, therefore, the resultant h/S was 0.55 at the cruise angle of
attack.

Inlet mase-flow ratios, total-pressure recoveries, and model-drag .
coefficients obtained from the investigation of the 14°- and 8°-wedge
inlets, utilizing the boundary-layer scoops with sides and the 14C-wedge
inlet with the faired canopy and no boundary-layer control, are presented
in figure 6. Mass-flow ratios m.z/mc based on the results of the survey :
of the flow immedistely ahead of the inlets, such that mz/mc 1.0 -
represents the maximum mass flow that could be ceptured by the inlets, - T
are also included. The boundary-layer bleed flows for partial boundary-
layer control were selected on the basgis of assumed cooling-alr flow
requirements. : -

The characteristics for the 14C-wedge inlet (h/& = 0.55), presented
in figure 6(a), indicate a maximum pressure recovery of 0.85 for sub-
critical 1nlet operatlon at the design Mach number of 2.00. Near crit-
These pressure recoveries are only slightly below_the results reported e
in references 3 and 4 for the ramp and half-conical spike-type side
inlets with complete boundsry-layer removal. The somewhat lower pres-
sure recoveries obtgined with the normal-wedge inlet were determined to
result solely from the low energy of the boundary-layer air entering ]
the inlet. - [, U, e e e

A maximum mess-flow ratio (mz/mc)max of 0.84 for Mach number 2.00

resulted from designirig the inlet with the oblique shock ghead of the
cowl 1lip and represents 16 percent supersonic alr spillage at critical
flow. Reductions in the maximum msss flow with decreasing free-gtream
Mach number due tc the increased spillage behind the oblique shock pro-

duced a slight increase in model drag for supercritical inlet flow. s
With suberitical inlet operation, the increase in model~drag coefficlent
can be gttributed to the drag associated with the spillage of air behind .

the normal shock.
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The pressure recoveries presented in figure 6(b) for the 8%-wedge
inlet at & Mach number of 1.50 are approximstely equal to the results
obtained with the 14°-wedge inlet. At a Mach number of 2.00, however,
pressure recoveries of the order of 3 to 4 percent lower are observed
over most of the subcritical range. The better performance of the
léo-wedge inlet at the higher Mach numbers might be expected, because of
the more nearly optimm supersonic compression for the local conditions
ahead of the inlet.

In contrast to the relatively low maximum mess-flow ratilo m,a/mc

of 0.72 for the 14°-wedge inlet at Mach number 1.50, decreasing the com-
pression angle to 8° resulted in an increase in mess-flow ratio to 0.89
as shown in figure 6{(b). This increase in mass-flow ratio occurred N
because of the reduced air spillage behind the coblique shock as the wedge
angle was decreased. Similsr increases in maximum mess-flow ratios were
obtained at the higher Mach numbers. As a result of the reduced super-
sonic air spillage over the Mach number renge, slightly lower minimum
model drags were obtained for the 8°-wedge inlet as compared with the
14° configursetion. :

Results obtained from the investigation of the léo—wedge inlet with
the canopy faired to be tangent to the upper surface of the boundary-
laeyer scoop (h/8 = 0) are presented in figure 6(c). Although pesk
pressure recoveries of 0.80 and 0.92 were obtained &t Mach numbers of
2.00 and 1.50, respectively, for low inlet flows, pressure recoveries
of only 0.71 at & Mach number of 2.00 and 0.80 at & Mach number of 1.50
were obtained for critical flow. Compared with the results presented
in figure 6(a) for the 14° inlet with partial boundary-layer removal,
decreases in pressure recovery of the order of 10 percent result from
the increased boundary layer entering the inlet. This logs in total-
pressure recovery is only slightly greeter than the estimsted velue of
8 percent which would result because of the low energy of the additional
boundary layer captured by the inlet.

The maximum inlet mass flows mo/m, of epproximately 0.83 at a Mach

number of 2.00 and 0.74 at a Mach number of 1.50 are in agreement with
the results obtained for the h/8 = 0.55 configuration (fig. 6(a)). A4s
indicated. by the lower values of mz/mo, however, the actual mass flow
through the inlets has been reduced at critical conditions because of
the Increased quantity of boundary-layer air passing through the inlets.
Comparsble minimum model drags for the two inlets reveals the higher
pressure recoveries with boundary-layer control were attained with no
increase in drag. . :

Steble inlet flow was obtalned throughout the range of subcritical
and supercritical operation for the three configurations. The large
region of stable suberitical operation obtained with the léo-wedge inlets

T
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may be associsted with the oblique shock which falls well ahead of the
cowl 1lip (reference 5).  For the 8°-wedge inlet, bhowever, the oblique
shock nearly intersects the cowl lip at a Mach number of 2.00 and the
stable operation et subcritilical inlet flows cannot be explained with the
vortex-sheet criteris of reference 5. ) : TTTE

r.

The variation of inlet pressure recovery and model drag over a
range of boundary-layer-bleed mass flows is summarized in filgure 7 for .k
the 14°- and 8°-wedge inlets having an h/8 of 0.55. Included on fig- '
ure 7(a) for zero boundary-layer removal sre data obtained with the
boundary-layer scoops felred to provide an h/S of zero. Lines of con-
stant bleed mass-flow ratio (mzfmc)B based on the results of the flow

survey ahead of the boundary-layer scoops have been included.

For the 14°-wedge inlet (fig. 7(a)), increases in pressure recovery
fraom 0.79 to 0.84 were measured at a Mach nurber of 2.00 as the bleed
mass-flow ratio (mp/m.)g was increased from approximately 0.10 to 0.70

while a negligible effect on drag was obseérvéd. Further increasses in L
bleed mass flow resulted in a slight decrease in pressure recovery, e
although steble inlet flow was maintained. As indicated by the tailled ' .
symbols, near peak pressure recovery was realized for the rated-bleed-
flow conditions previously presented in figure S(a). For Mach numbers
of 1.50 and 1.70 the grester degree of subcritical inlet flow indicated
by the lower diffuser-discharge Mach numbers, shows a decreased effect
of bleed-flow variations on the inlet pressure recovery. This trend has
been determined to result primsrily from the reduced triggering action- e
of the boundary lsyer in the subsonic diffuser (reference 1) at the low T
internal velocities gssociated with the reduced inlet mass flows. I%
should be noted that while variations in model drags are significant at
each free-stream Mach number, the relative magnitudes of the drag values
should not be compared for the several Mach numbers indsmuch as they are
a function of the diffuser-discharge Mach numbers selectéd. The data
which were obtained with the faired canopy (h/® = 0) indicate no appreci-
able change in drag but scmewhat larger losses in inlet recovery than - R
would be obtained from an extrapolation of the results for the h/S of -

0.55 configuration. ) ) __.

Increases in inlet pressure recovery were also obtained for the  —-- Cmm— e
8%-wedge inlet with increasing bleed mass flows (fig. 7(b)). The some-
what greater sensitivity of pressure recovery to boundary-layer effects
at the lower Mach numbers as compared with the 14°-wedge inlet is assoc- .
iated with the indregised effect of boundary layer on the subsonic dif- ~
fuser at the higher inlet mass flows (indicated by the higher value of
Mo) at which these effects were determined.
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The varistion of inlet pressure recoveries corresponding to maeximum
thrust mlnus drag for a range of bleed-scoop-height to boundary-layer-
thickness retios h/S is compared in figure 8 with the results obtained
for the ramp-type inlets of reference 3. Evaluation of the maximum
thrust-minus-drag conditions wes made using the method discussed in refer-
ence 6. With compaerable boundery-leyer control the 14°-normal-wedge inlet
resulted in higher pressure recoveries for the range of Mach numbers, as
indiceted in figure 8(s). For example, at & Mach number of 2.00 and an
h/8 = 0.55, & pressure recovery of 0.83 was cbtained for the normel-wedge
inlet as ccmpared with & pressure recovery of 0.73 for the ramp-type
inlet. Although not strictly comperable, the date obtained with the
13°-ramp inlet (ramp curved to 0° at inlet cowl) of reference 3, which
have been included for the h/a O condition, indicate similar results.
As shown in figure 8(b), corresponding trends were observed for the 8°.
and 6° configurations at a Mach number of 1.50. The magnitudes of the
differences in pressure recovery, however, were considersbly smaller.

Some insight into the differences in performasnce for these two types
of inlets can be obtained from the breakdown of total pressure losses
into inlet CAPO 1/Po) and subsonic diffuser losses CAPl o/Pp)s a8

shown in figure 9 With boundary-leyer conmtrol (h/s = O. 55), the inlet
losses for the 14° -normal-wedge end ramp-type inlets were gpproximately
equal (fig. 9(a)) and the higher pressure recoveries of the normal-wedge
inlet were associated with the improved performance of the subsonic 4dif-
fuser. The more nearly equal performance noted for the 8°-normal-wedge
and 6°-ramp inlets (fig. 8(b)) resulted from the similaer performance shown
in figure 9(b) for both the inlets and the subsonic diffusers. With no
boundary-layer control (h/8 = 0), the higher inlet pressure recoveries
noted in figure 8(a) for the 14°-normsl-wedge inlet as compared with the
13%-ramp configuration with the ramp faired to 0° at the inlet cowl,
resulted from the lower inlet losses shown in figure 9(c), while the sub-
sonic diffuser losses were comparable.

Anglysis of these results indicates the lower inlet pressure recov-
eries of the 14C-ramp inlets result from the losses associated with the
location of the large curvatures along the surface washed by the boundary
leyer, a characteristic of the ramp-type side inlets with large compres-
sion angles. Improvements in performance obtained with the normal-wedge
inlets Indicate the possibility of designing side inlets less sensitive
to boundary-layer effects by avoiding large curvatures of the surface
adjacent to the low-energy boundary-layer alr entering the inlet.

Some details of the performance of the normel-~wedge inlets are
illustrated by the typical inlet total-pressure profiles presented in
figure 10 for several conditions of operation. The low-energy air
entering the inlets as a result of incomplete removal of the boundary
layer can be noted along the splitter-plate surface. Although no large
effects are observed due to the obligue-shock boundary-lsyer interaction

e e ¥
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at the meximum inlet mass flows, some separation is seen.to occur along
the surface of the splitter plate in the vicinity of the compression .
wedge at the low mass flows (figs. 10(a) and 10(b)) when the normal shock
interacts with the boundary layer. With no boundary-lesyér removal

(n/8 = 0), an increase in thickness of the boundary layer occurred with
decreasing inlet mass flow; however, no flow separation was obgerved.

Contours of total-pressure ratio at the diffuser discharge (model
station 97. 25) for conditions corresponding to the inlet profiles are
presented in figure 11. With supercritical inlet flow (My > 0.228),
total-pressure variations of the order of 13 percent were measured across
the duct for the three inlet configurations. With slightly subcritical
inlet flow (MQ < 0.228), however, the totalrpressure variations were
reduced to less than 10 percent. The.larger veriations in total pressure

across the duct with supercritical inlet.flow are probably associated with

separation effects resulting from the ncrmal shock 1nfluence inside the
diffuser.

The region of low-energy air which ig located directly downstream of
the splitter-plate surface can be attributed to the boundary-leyer enter-
ing the inlet and to the relatively large curvature of the duct along )
this surface (see fig. 2). A core of high-energy air which results fraom
the decreased boundary layer and lower curvature of the duct along the
outer wall can be noted in quadrants 1 and 4 near the duct surface.
Although no large weke effects were measured, slight irregularities in
the contours are probably assoclated with flow disturbances due to the
presence of the two-dimensional center body which divides the duct.

Additiongl inlet performance characteristics obtained with the modi-
fied boundary-layer bleed systems shown in figure 4 are compared in fig-
ure 12 with the results obtained when the ram-type scoops with sides were
utilized. Successive increases in maximum inlet mass-flow ratios were
observed at each Mach number as the sides of the bleed scoops were removed
and the splitter plates were swept. Slight increases in inlet pressure
recoveries were also obtalned neer critical mass flow for Mech numbers of
1.50 and 1.70 with some increase in drag. At a Mach number of 2.00, how-
ever, modifying the bleed system resulted in Jower inlet recoveries for
suberiticael flow with no apparent effect on drag. These changes in inlet
performance produced by removing the sgides of the boundary-layer scoop
are similar to the results noted in figure 7 when the bleed mass-flow
ratio (mp/my)g was increased to approximately unity. It appears, there-
fore, that the mejor contribution of the modified boundary-layer scoops is
to permit the spillage of boundary-layer air along the sides of the scoops
resulting in effective bleed-mass-flow ratios of ‘approximately unity for
the inlet while rgted<«flow is maintained through the ducts.

Angle-of-attack characteristics. - Typical pitot-pressure contours
measured ahead of the inlets are included in figuxre 13 for a range of
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angles of attack from -6° to 12° gt a Mach number of 2.00. Similar flow
charscteristice were noted at the lower supersonic Mach numbers. Values
of local flow angles measured at statlon 67.5 in reference 3 are also
tabulated in the following table to facllitate discussion of the angle-
of-attack effects:

M o B

2.00 | 0° -1°930!
30 1930
6° 4920

Comparigon of the results shown in figure 13 with the contours pre-
sented for the cruise angle of attack indicates small variations in
boundary lsyer for angles of attack to 9°. At 12°, however, the boundary-
layer thickness increased to approximstely 1.5 inches and extended over
nearly two-thirds of the inlet face; local values of h/6 as low as 0.30
resulted, As the model angle of attack was decreased to negative values,
the boundsry-layer thickness decreased, until at -6° local values of h/®
from 1.0 to 2.5 were attalned across the face of the inlet,

The effect of positive angles of attack on inlet performance is indi-
cated in figures 14(a) and 14(b) for the inlets which utilized boundary-
layer scoops with sides. Compareble data are included in figure lé(c)
for the 14° inlet with no boundary-lsyer removal. The slight increases
in pressure recovery of approximstely 1 to 3 percent which were ocobtained
with the several inlets as the angle of attack was reduced from 3° to
0° appear to be associated with the decrease in boundary layer noted in

,figure 13 inasmuch as the local angle of cross flow at the inlet is of

the same magnitude. The negligible decreases in pressure recovery
obtained for angles of attack to 6° with nearly constant boundsry layer
ahead of the inlets, indicate that the inlet performance was not Influ-
enced adversely with angles of cross flow up to nearly 4.5°. For a

9° angle of attack, however, the decrease in pressure recovery with no
epparent change in fuselage boundary layer can be attributed to the
sensitivity of the inlet to cross-flow effects., Significant losses in
inlet pressure recovery as the angle of attack was increased from 9° to
120 appear to be associated with the large changes in boundary layer
shown in figure 13. Although the magnitudes of the local flow angles at
the inlet were not determined for these high angles of attack, the cross
flow also undoubtedly contributes to loess In performance.

Comparison of the inlet characteristics presented in figure 14(a) for
the 14° wedge at & Mach number of 2.00 with the results presented in fig-
ure 14(b) for the 8° inlet at a Mach mumber of 1.50 indicates a smaller
reduction in pressure recovery with angle of attack at the lower Mach
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numbers. For example, losses 1in pressure recovery of approximately

12 percent are noted near critical flow at a Mach number of 1.50 as com- T
pared with 20 percent at a Mach number of 2.00 with increasing angles of :
attack from 3° to 12°. Comparsble smaller chenges in inlet mass-flow

ratios were also noted for a Mach number of 1.50.

8252

The results presented in figure 1l4(c) for the 14°-wedge inlet with
no boundary-layer removal indicate losses in pressure recovery of approx-
Imately 12 percent near critical inlet flow as the angle of attack 1s
increased from 3° to 12° at a Mach number of 2.00. Comparison of these
results with the data presented in figure l4{a) for the inlet with
boundary-layer control shows comparable inlet pressure recoveries at an
angle of attack of 12°. Therefore, the improved performance noted with
boundery-leyer control st the cruise angle of attack appears to be off-
set by the greater sensitivity of the inlet to angle~-of-attack effects,
and equally low performance is obtained for both configurations at high
angles of attack.

]

The influence of the angle of attack on the flow, in the vielnity

of the inlet entrance, .is summarized in figure 15. For zero angle of -
attack some separation is indicated adjacent to the splitter-plate sur-
face for rake 2; while at the higher angles of attack, relatively smell
boundary layer is noted in this reglon and the region of separated flow
has shifted to rake 3. Correlation of these results with the local
intet-fiow angles tabuleted previously and the pitot contour presented
in figure 13, indicates the separation occurred along the leeward side
of the wedge, downstream of the region of greatest fuselage boundery
layer. 1In genersl, decreased separation effects were noted at a Mach .
number of 1.50 (fig. 15(b)). With no boundary-layer removel, the region

of flow separation for the 14C-wedge inlet at a Mach number of 2.00 was

observed to increase when compared with the results obtained with partlal

boundary-leyer control. . N

At the diffuser discharge, the increase in the region of low-energy
air, shown in figure 16 to occur downstream of the upper half of the
inlet with increasing angles of attack, can be assoclated with the
increased fuselage boundary layer (fig. 13). Similarly, the core of
high-energy air which is obgerved to move to a position downstream of
the lower half of the inlet can be' explained from the influence of the
shift in fuselage boundary layer and the varigations in inlet~flow char-
acteristics noted in figure 15. Comparable results were observed for
the seversl inlet configurations over the range of angles of attack.

Limited performance charscteristics obtained at negative angles of
attack wlth the 14%-wedge inlet utilizing the ewept splitter plate are
presented in figure 17. The decresse in inlet pressure recovery over the
range of eir flows with negative angles of attack results from the flow -
separation along the leeward side of the wedge (fig. 18) which occurs
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even though an effective h/s of 1.0 was attained for an angle of attack
of -68°. These decreases in inlet performance noted for both positive and
negative angles of attack illustrate the relgtively high sensitivity of
the normeal-wedge-type inlet to cross~flow effects. Relocation of the
normal-wedge-type inlets in the plane of pltch would provide a means of
avolding cross flow and may eliminste the poor angle-of-atteck character-
istics.

Subsonic and Take-0ff Performance Characteristics

Inlet pressure recovery and mags-flow characteristics at a Mach num-
ber of 0.63 are presented in figure 19 for angles of attack to 68°. Pres-
sure recoveries from 0.99 to 0.95 were obtained throughout the range of
inlet flows prior to chaking at the minimum inlet area (Mé = 0.266), and
negligible angle-of-gttack effects were observed. A pressure recovery of
approximately 0.96 is indicated with inlet mass-flow ratios (based on
inlet minimum ares, A;) of nearly 1.0. Results of an extrapolation of
these data to the 5C-wedge angle, assumed to be the minimum attainsble
from practical considerstions, have been included in figure 19. For
these calculations, the pressure recoveries were assumed to be comparsble
for equivalent inlet mass-flow ratios and the resultant diffuser-discharge
Mach numbers corresponding to the incressed inlet minimum areas were eval-
uated. The estimated performsnce for the 5°-wedge configuration indi-
cated that the range of high inlet pressure recoveries can be extended
slgnificantly at subsonic speeds by means of the variable-geometry-type
inlet. o

Inlet characteristics at zero forward speeds (fig. 20) show large
losses in inlet performance with increasing alr flow, and, at take-off,
pressure recoveries as low as 0.70 would result with the 8°-wedge inlet
operating at mass~flow ratios mz/mi,max of approximately 0.80. In

this case, m, represents the maximum mass flow that could pass

through the m&nimum inlet area if no losses occurred shead of the inlet.
The improvement in performance indicated by the data extrapolated to a
5C.wedge angle is small and large losses in thrust would result from use
of this inlet wilth a turbojet engine st take-off unless auxiliary air
intakes were availeble.

SUMMARY OF RESULIS

The performance characteristics of side inlets utilizing two-
dimensional compression wedges normal to the fuselage surface and semi-
circular cowls were investigated in the 8- by 6-foot supersonic tunnel
for a range of angles of attack from -6° to 12° at Mach numbers of O,
0.63, and 1.50 to 2.00. Several ram-type scoops for pertial removal of

, de——
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the boundary layer shead of the inlets were studied and the influence of
the fuselsge boundary layer on inlet performance was determined. The
research which was conducted at a Reynolds number bf approximstely ZQNIDG
for the supersonic-Mach numbers Cbased on length of fuselage shead of
inlets) indicates: S . _

1. Reduced sgensitivity of side inlet performance to boundary-layer
effects was obtained with the design of an inlet to provide supersonic
compression in a plane normsl to the surface washed by the fuselage
boundary layer. The decreased turnming of the low-energy boundary-layer
air in the high Mach number regions of the inlet with this type of design
(as compared with ramp and half-conical spike-type 1nlets) resulted in
significant increases in pressure recovery.

2. Removing the sides of the ram-type boundary-layer scoops to pro-
vide bleed mass flows of unity and sweeping the leading edges of the
splitter plates resulted in small increases in pressure recovery at Mach
nunibers of 1.50 and 1.70 with some increase in drag. At a Mach number. of
2.00, however, decreases 1in pressure recovery were observed with negligible
effect on drag.

3. Relatively large effects of cross flow for normal-wedge~type inlets
were indicated by the decreases in pressure recovery of the order of 5 to
7 percent as the angle of attack was varied from O° to -6© (decreasing
fuselage boundary layer) at & Mach number of 2.00. These adverse effects
resulted from flow séparstion along the leeward glde of the wedge.

4. The decreases in pressure recovery with posltive angles of attack
to 9° were associated primarily with the cross-flow effects, whereas large
losses at 12° probably resulted from the increased fuselage boundary lsayer.

5., Satisfactory inlet pressure recoveries of -the order of 0.96 to
0.97 were indicated for a Mach number of 0.63 at mass-flow ratios of the
order of unity, with negligible angle-of-attack effects to 6°.

6. TFor take-off operation very low inlet recoveries were obtained
and large penalties in performence are indlcated unless auxiliary air
intakes are employed.

ILewis Flight Propulsion Laborsatory
National Advisory Committee for Aeronsutics
Clevelsnd, Ohio, July 18, 1952

|, 825z
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- S “w o C.o27477

C-27474

(a) Boundary-layer scoop with sides. (c) Boundary-layer scoop wilth swept
splitter plate.

i
__! C-27640

- R — C-27479
Boundary-layer scoop with sides Tremoved, (d) Boundary-layer scoop faired into canopy.

¥igure 4. - Photographs of three ran-type boundary-layer 8coops and faired-canopy
configuration investigated with normal-wedge Inlsts,
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Height from oanopy Helght from
canopy
surface, y, in. surface, y, in,
3

2
Mg = 1.50 Mg = 2.00
(a) Pitotv-pressure ratio contours, P,'/Pg.
Helght from canopy . . Height from canopy
surface, y, in. surfece, y, in.
3
o
1.03

(b) Total-pressure ratlo comtouxs, P,/Pq.

Figure 5. - Flow survey shead of inlete for orulse angle of attack (o = 39) at
free-gtream Mach numbers of 1.50 and 2.00. Survey station, 67.5.
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Figure 6. - Characteristics of wedge inlete at Mach numbers from 1.50 to 2.00.
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Figure 6. ~ Concluded. Characteristice of wedge inlets at Mach numbers from 1.50 to 2.00. Cruise
angle of attack (a = 39).
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0 14%mormal-wedge inlet
—_— 14°—ra.mg inlet (designated
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Figure 8, -~ Variation of iplet prossurs recovery charactarigtica at maximm thrust minus drag over
yange of seoop-height to bonndary-layer-thiclness ratios at Mach nuwbers of 1.50 amd 2,00,
cruise angle of attack (o = 3%); rated boundary-layer blesd flow.
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(a) 14%-wedge inlet; h/B, 0.55; rated boundary-layer bleed flow.

Figure 9. - Components of total-pressure losses at sgveral free-gtream Mach numbexrs.
Cruise angle of attack {a = %°),
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Figure 9. - Continued., Components of total-pressure losses &t several free-stream
Mach numbers. Cruise angle of attack (a = 3°).
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(c) 14°-wedge inlet, h/5, 0; zero boundary-layer bleed flow.

Flagure 9. ~ Conoluded. Components of total-pressure logses at several free-stream
Meoch numbers. Cruise angle of attack (o = 3°).
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~station
74.75

My = 0.187 {po/Bg = 0.81) My = 0.228 {pofPo = 0.70)

Mp = 0.149 (pp/Po = 0.84)
rated boundary-layer bleed flow.

(&) 14%-wedge inlet; Mg, 2.00; h/8, 0.55;

My = 0.241 {pg/Po = 0.87) M, = 0.268 (py/Pg = 0.82)

My = 0.220 (py/Po = 0.88)
1.50% h/B, 0.553 rated BHourmary-layer bleed flow.
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Figure 11. - Typical total-pressure contours at
Cruise angle of attack (¢ = 3
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Figure 15. - Pitot-pressure ratio contours, Ps*/Pq of flow survey ahead of inlets for range of engles of. attack
from -69 to 12° at free-stream Mach mumber of 2.00. Survey station, 67.5. :
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Figure l4. - Cheracteristiocs of wedge inlets for rangs of angles of attack fxem 0° to 12°.
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Figure 15. - Typloa) total-pressure profiles at inlet (atation, x = 5.84) for range of angles of attack froo 0° to 18°,
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8. A /

tation 74.75 s

(L:Oo a'=60

(a) 14%-wedge inlet; Mg, 2.003 Mp, 0.187; h/8, 0.55; rated boundary-
layer bleed Tlow.

Figure 16. - Typical total-prassure contours at diffuser dlscharge
(station 97.25) for range of angles of attack from 0° to 129.
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(b) 8°%wedge inlet; My, 1.50; My, 0.268; h/8, 0.55; rated boundary-layer
bleed flow.

Figure 16. - Continued. Typlcal total-pregsure contours at diffuser -discharge
(station 97.25) for range of amgles of attack fram 0° to 12°.
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(o) 14°%-wedge inlet; Mg, 2.00; My, 0.204} h/8, O; zero boundary-
layer bleed flow. i

Figure 16. - Concluded. Typical total-pressure contours at diffuser discharge
(station 97.25) for range of angles of attack from 0° to 12°.
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Figure 17. - Characteristics of 14°-wedge inlet with swept
boundary-layer splitter plate for range of angles of
attack frem 0% to ~5° at Mach number of 2.00.
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Figure 19. - Mass-flow and total-bpressure recovery characterlstics of 8%-wedge

inlet utilizing boundary-layer scoop wlth sides for range of angles of
attack from 0° to 8° at Mach number of 0.63.
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Figure 20, - Mass-flow and total-pressure recovery characteristics of
8%-wedge inlet at static take-off conditioms (Mg, O).
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